Background: Germline genetic variants in PLCE1 (10q23) have demonstrated consistent associations with risk of esophageal squamous cell carcinoma (ESCC) and gastric cancer among Chinese. We evaluated PLCE1 mRNA and protein expression in paired tumor-normal tissues, and their relationship with survival.
Introduction
Esophageal cancer and gastric cancer (GC) represent the sixth and second leading cause of cancer-related deaths worldwide, respectively (1, 2) . Esophageal cancer has two primary histologic types, esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (3) . GC is usually subdivided into gastric cardia adenocarcinoma (GCA) and gastric noncardia adenocarcinoma (GNCA) by anatomic location. Worldwide, over half of all esophageal cancer and more than 40% of GC-related deaths occur in China where ESCC is the predominant form of esophageal cancer in high-risk areas (4, 5) . Molecular mechanisms underlying the carcinogenesis of ESCC and GC remain poorly defined. A handful of genetic loci associated with risk of ESCC or GC have been identified from genome-wide association studies (6) (7) (8) (9) (10) (11) (12) (13) (14) . Among them, genetic variants at 10q23 in the phospholipase C epsilon (PLCE1) gene have demonstrated the most consistent and strongest associations with risk of ESCC for Chinese (6) (7) (8) 12) , and also conveyed significant associations with risk of GCA, surpassing genome-wide significance (6) , offering promise in the further exploration of molecular events of PLCE1 in the development and progression of these cancers.
PLCE1 encodes a phospholipase C enzyme that mediates the hydrolysis of phosphatidylinositol-4,5-bisphosphate to generate the Ca2 þ -mobilizing second messenger Authors' Affiliations:
1 Division of Cancer Epidemiology and Genetics; inositol 1,4,5-triphosphate and the protein kinase C-activating second messenger diacylglycerol, which subsequently play fundamental roles in cell growth, differentiation, and gene expression (15, 16) . PLCE1 is activated by the Ras and Rho family GTPases and heterotrimeric G proteins, uniquely in the phospholipase C family (17) . Rs932764 and rs3765524 in PLCE1 have been associated with blood pressure and dengue shock syndrome (18, 19) , suggesting possible pleiotropic effects of PLCE1 variants. Despite the current knowledge of PLCE1 germline variants present in ESCC and GC, very little is understood about PLCE1 somatic changes and their association with prognosis. We examined mRNA and protein expression in tumor and matched normal tissues, as well as their association with major demographic and clinical features and survival of patients with ESCC, GCA, and GNCA from high-risk Chinese populations (4, 5) .
Materials and Methods

Study subjects
All study subjects were cases of ESCC, GCA, and GNCA who presented to the Surgery Department of the Shanxi Cancer Hospital (Taiyuan, Shanxi Province, PR China), between 1996 and 2007, and resided in the Taihang Mountain area of north central China (5) . All cases were born in Shanxi with Shanxi as their ancestral home, had no prior therapy for their cancer, and underwent surgical resection at hospitalization as their primary therapy. Information on demographic and lifestyle characteristics, family history of upper gastrointestinal (UGI) cancers, and clinical data were collected. Cases were histologically confirmed by pathologists at both the Shanxi Cancer Hospital and the National Cancer Institute (NCI). Cases were followed-up periodically for vital status; for those who died, date and cause of death were determined. This study was approved by the Institutional Review Boards of the Shanxi Cancer Hospital and the NCI, and all subjects provided written informed consent before participation.
Tissue collection and total RNA preparation
Tumor tissues and matched normal tissues distant to the tumor were obtained during surgery, and were snapfrozen in liquid nitrogen and stored at À130 C. Selection of patients for RNA studies was based on the availability of appropriate tissues for RNA testing (i.e., testing of cases with available frozen tissues, tumor samples that were predominantly (>50%) tumor, and tissue RNA quality/ quantity adequate for testing). Total RNA was extracted using the TRizol method following the protocol of the manufacturer (http://tools.invitrogen.com/content/sfs/manuals/trizol_reagent.pdf), or using the Allprep RNA/DNA/Protein Mini Kit from Qiagen, following the manufacturer's instructions (http://www. qiagen.com/literature/render.aspx?id¼2067). For both methods, the quality and quantity of total RNA were determined on the RNA 6000 Labchip/Agilent 2100 Bioanalyzer (Agilent Technology, Inc.). The mRNA extracted from the tumor and matched normal tissues of 132 ESCC cases, 62 GCA cases, and 72 GNCA cases were included in the present study.
Probe preparation and hybridization for mRNA microarrays
The mRNA detection for ESCC samples was evaluated using the Affymetrix Human U133A, U133A_2, or U133Plus_2 chips. The mRNA expression for all GCA and GNCA samples was detected using U133Plus_2 chips. The U133A, U133A_2, and U133Plus_2 chips all contained the same three probes for PLCE1 (i.e., 205111_s_at, 205112_at, and 214159_at). Probes were prepared according to the protocol provided by the manufacturer (Affymetrix GeneChip expression analysis technical manual, available from: http://www.affymetrix. com/support/index.affx). Procedures included firststrand synthesis, second-strand synthesis, double-strand cDNA cleanup, in vitro transcription, cRNA purification, and fragmentation. Of note, 20 mg of biotinylated cRNA was finally applied to the hybridization array of Affymetrix GeneChip. After hybridization at 45 C overnight, arrays were developed with phycoerythrin-conjugated streptavidin by using a fluidics station (GeneChip Fluidics Station 450) and scanned (GeneChip Scanner 3000) to obtain quantitative gene-expression levels. Paired tumor and normal tissue specimens from each patient were processed simultaneously during the RNA extractions and hybridizations.
Tissue collection and tissue microarray construction
For histopathologic and protein expression analyses, we constructed tissue microarrays (TMA), for which the detailed methodology has been described previously (20) . In brief, tumor-only or matched tumor-normal tissues from the same case were obtained during surgery, fixed in 70% ethanol (for GC cases, all tumor tissues were fixed in ethanol; for ESCC, 41 of 275 ESCC cases with paired tumor-normal tissues analyzed in relation to survival, and 249 of 489 cases with tumor tissue only analyzed in relation to survival were fixed in ethanol) or 10% neutral buffered formalin (all other ESCC tumor or normal tissues), and embedded in paraffin. In an initial pilot study, a minor difference in staining intensity and color of the counter-stain was noticed between ethanol-and formalinfixed tissues. A scoring algorithm developed using formalin-fixed tissues only was subsequently adjusted and revalidated on ethanol-fixed specimens with the same pathologist as reference. Following this adjustment, both formalin-and ethanol-fixed tissues produced similar results for mean intensity for both positive and counter stains. The paraffin-embedded tissue samples were cored using 0.6-or 1.5-mm diameter needles and arrayed into two sets of separate TMA recipient blocks along with positive and negative control tissues. Of note, 5-mm sections were cut and transferred to adhesive coated slides (PSA-CS4x, Instrumedics Inc.) to support the attachment of 0.6-mm array cores, whereas 1.5-mm array cores were transferred to glass slides via standard water bath (42 C) adhesion. TMAs stained with hematoxylin and eosin (H&E) were reviewed for confirmation of histopathologic diagnosis, and cores with insufficient tissue determined by TMA H&E review were eliminated from analyses. Tumor tissues from a total of 525 ESCCs (303 with matched normal tissue, 222 with tumor only), 298 GCAs, and 124 GNCAs were included for protein expression analysis. Matched normal tissues were not obtained for GCA and GNCA cases.
Immunohistochemical analysis
TMA slides were deparaffinized in xylene, rehydrated in graded alcohols, and pretreated with pH 9 retrieval buffer (Dako Corp.) in a pressure cooker for 20 minutes. The tissues were blocked with 0.3% hydrogen peroxide in 95% ethanol at 37 C for 10 minutes, and incubated with a rabbit polyclonal antibody against human PLCE1 in a 1:100 dilution (Sigma-Aldrich), either at room temperature using the DAKO Autostainer staining system (Model LV-1) for 60 minutes, or overnight manually in a humidity chamber. The antigen-antibody complex was visualized with the DAKO Envisionþ detection system and 3,3 0 -diaminobenzidine solution (Dako Corp.), counterstained with hematoxylin, dehydrated in ethanol, and cleared in xylene.
Tissue image analysis
Stained TMA slides were digitized with the NanoZoomer 2.0-HT scanner (Hamamatsu) and uploaded into SlidePath Digital Image Hub (Leica) in Nanozoomer Digital Pathology Image format. Digital Image Hub is a webbased image analysis system designed to use highthroughput automated analysis of virtual histology slides for image analysis. Representative regions of tumor or normal epithelia in each tissue core were annotated to define the area within the image to be analyzed (Supplementary Fig. S1 ). The PLCE1 image analysis algorithm was deployed within SlidePath's Tissue Image Analysis system to measure staining intensity, as well as the percentage of pixels above a defined cut-off for each annotated core. We used concentration as a quantitative measurement of PLCE1 protein expression, which was derived formulaically based on the quantitative algorithm output of intensity and percentage-positive pixels.
PLCE1 germline SNPs
Genome-wide scanning was performed using the Illumina 660W array. The genotyping and quality control filtering metrics have been detailed in our published GWAS on UGI cancer (6) . There were a total of 63 SNPs located within PLCE1 and its flanking area (20 kb upstream and 10 kb downstream). We extracted genotype data for five SNPs that showed significant associations with ESCC and GCA (rs2274223, rs3765524, rs3781264, rs11187842, and rs753724), exceeding genome-wide significance level (P 2.74 Â 10
À8
; ref. 6). For this analysis, 98
ESCCs, 35 GCAs, and 52 GNCAs had information on the mRNA expression in normal tissues and germline SNP data. A total of 286 ESCCs had information on protein expression in normal tissues and SNP data.
Statistical analysis
Information on PLCE1 mRNA expression was available using each of three probes for paired tumor-normal tissues of ESCC, GCA, and GNCA cases, and analyses were performed using individual probes as well as overall mRNA expression [calculated as the average mRNA expression across all three probes; GEO accession number of RNA expression array data is GSE2340021 for ESCC (ref. 21 ) and GSE2927222 for GCA and GNCA (ref. 22) ]. Differential expression for a case tumor sample compared with its normal epithelial counterpart was denoted as a fold change. For one subject, we calculated the fold change using each probe as well as the overall fold change, defined as the average fold change across all three probes.
Information on PLCE1 protein expression in tumor tissue was available for ESCC, GCA, and GNCA cases; protein expression in matched tumor-normal tissue was available only for ESCC cases. The tumor-normal protein differential expression was also denoted as a fold change (i.e., expression in tumor tissue divided by expression in matched normal tissue).
The Wilcoxon signed rank-sum test was used to test differences in PLCE1 mRNA and protein expression between matched tumor and normal tissues. PLCE1 mRNA and protein expression in tumor and tumor-normal expression fold changes were compared by categories of characteristics [age, sex, smoking (ever/never), alcohol intake (weekly/less than weekly), and family history of UGI cancer] and clinical features [Lauren classification (for GC), tumor grade, stage, and metastasis], using the Wilcoxon rank-sum test.
To evaluate the relation of PLCE1 mRNA and protein expression to survival, expression values (tumor tissue expression and/or tumor-normal fold changes, as available) were categorized into quartiles for each of the three cancers evaluated. Kaplan-Meir survival curves were plotted by quartiles of expression, and overall differences in survival across different expression categories were evaluated using log-rank tests. Subsequently, Cox proportional hazards regression analyses were conducted to calculate the HRs and 95% confidence intervals (CI) for expression categories. Analyses were conducted using the lowest quartile as the reference, with adjustment for age, sex, Lauren classification (for GCA and GNCA only), tumor grade, stage, and metastasis. These covariates were controlled because of their potential effect on the association between PLCE1 expression and mortality. Because smoking and alcohol intake are not major contributing factors for UGI cancers in this and other high-risk populations (23) , and family history of UGI cancer was not correlated with PLCE1 expression, these variables were not adjusted for in the primary analyses. Analyses further adjusting for smoking, alcohol intake, and family history of UGI cancer were very similar to our primary analyses, thus only the primary analyses are shown.
We conducted a stratified analysis by fixation methods for the association between PLCE1 protein expression and survival, and evaluated the P for heterogeneity between subgroups using Q statistics.
Spearman correlation analyses were conducted to examine the association between PLCE1 germline genetic variants (6) (7) (8) and PLCE1 mRNA expression in normal tissues for ESCC and GCA separately and combined. We also conducted Spearman correlation analyses to evaluate the association between PLCE1 mRNA and protein expression in normal tissues.
Statistical analyses were performed using the SAS 9.2 (SAS Institute Inc.) and R language, and statistical significance was set at P < 0.05.
Results
Altogether, we included paired tumor-normal tissues from 132 ESCCs, 62 GCAs, and 72 GNCAs for detection of PLCE1 mRNA expression. For protein expression, we included tumor tissues of 525 ESCCs (303 with paired tumor-normal tissues, 222 with only tumor tissues), 298 GCAs, and 124 GNCAs (Table 1) .
Compared with paired normal tissues, GCA and GNCA tumor tissues had significantly decreased PLCE1 mRNA expression for each of the three probes as well as for the average of the three probes (P < 0.0001 for all; Fig. 1 ). In GCA, the median tumor-normal expression fold change is 0.75 for probe 205111_s_at, 0.66 for 205112_at, 0.91 for 214159_at, and 0.76 for average of three probes. In GNCA, the median fold change is 0.85 for probe 205111_s_at, 0.80 for 205112_at, 0.90 for 214159_at, and 0.85 for average of three probes. The mRNA expression in ESCC tumor tissues also tended to be lower than matched normal tissues, but only expression measured using probe 205112_at was significantly different (median fold change ¼ 0.96, P ¼ 0.03). For PLCE1 protein expression in ESCC, we observed slightly reduced expression in tumor tissues compared with normal tissues, but the difference was not significant (median fold change ¼ 0.98, P ¼ 0.51; Fig. 1 ).
For ESCC, PLCE1 mRNA, and protein expression, neither tumor-normal fold change nor tumor expression varied significantly by selected risk factors or tumor characteristics (Supplementary Tables S1 and S2) . However, PLCE1 protein expression was significantly lower in diffuse compared with intestinal type for both GCA (P < 0.001) and GNCA (P ¼ 0.02). PLCE1 mRNA tumor-normal fold change in GNCA was lower in cases who ever smoked and who had higher tumor stage. We also found a lower mRNA expression in tumors of GNCA cases that were younger.
In survival analyses, ESCC cases with higher average mRNA tumor expression or tumor-normal fold change had nonsignificantly decreased mortality (Table 2 ). Analyses by individual probes showed that higher mRNA tumor expression or tumor-normal fold change was associated with longer survival for all three probes (Supplementary Table S3 ), although only the tumor-normal fold change for probe 205112_at was significant in both the logrank test (P ¼ 0.01, Fig. 2 ) and the multivariate-adjusted Cox regression model (P trend ¼ 0.02, Table 2 ). The median survival times of ESCC cases within each quartile of fold change (probe 205112_at) were 16.7, 34.8, 24.4, and 26.3 months, respectively (from the lowest to the highest quartile of mRNA expression). Similarly, in GCA, probe-specific Cox regression analyses showed that higher mRNA expression using probe 205111_at was significantly associated with longer survival (P trend ¼ 0.04 for both tumor expression and tumor-normal fold change; Table 3 ). Median survival times of GCA cases by quartile of tumor expression (probe 205111_at) were 13.2, 16.2, 16.0, and 28.9 months, respectively. Median survival times of GCA cases by quartile of fold change (probe (Table 3) .
We also evaluated PLCE1 protein expression and survival (Table 4) . Increased tumor-normal protein expression fold change was associated with reduced mortality in Figure 1 . PLCE1 mRNA and protein expression in paired tumor-normal tissues of ESCC, GCA, and GNCA. The mRNA expression signal using the three probes (205111_s_at, 205112_at, and 214159_at) and the average signal of the three probes are shown for ESCC (first row), GCA (second row), and GNCA (third row), respectively. We used the same scale for the y-axis for each cancer. We had protein expression signal for both tumor and matched normal tissues for ESCC only (fourth row). The difference in mRNA or protein expression signal between tumor and normal tissues was calculated using the Wilcoxon signed rank-sum test. Quartile 1 has the lowest expression level. The overall mRNA expression across three probes or mRNA using each probe, respectively, was evaluated. For the mRNA expression using individual probes, we show only the significant association between expression and mortality, due to space limit. Overall tumor expression and overall tumor-normal expression fold change are the average of the expression using three probes. The differences between numbers here and numbers in Table 1 . No evidence for heterogeneity was seen for this association between ethanol-fixed and formalin-fixed tissues (P for heterogeneity ¼ 0.65). Only protein expression in tumor tissues was available for GCA and GNCA, and no significant associations between expression and survival were seen. We had information on both PLCE1 genotypes and mRNA expression in normal tissues for a subset of cases, including 98 ESCCs, 35 GCAs, and 52 GNCAs (Table 1) ; information on both mRNA and protein expression in normal tissue was available only for four ESCCs. A joint analysis of all UGI cancers found significant associations between two SNPs (rs2274223 and rs3765524) and PLCE1 mRNA expression (probe 205111_s_at and 205112_at; P < 0.05). However, no significant correlations between mRNA expression and selected germline SNPs were seen in normal tissues for any of the UGI cancers studied here (Supplementary Table S4 ). We did, however, observe a correlation between PLCE1 mRNA using probe 205111_s_at and protein expression in the normal tissues of the four ESCC cases (Spearman correlation r ¼ 0.95, P ¼ 0.05). Because we did not have protein expression in normal tissues for GCA and GNCA, we cannot evaluate the association between mRNA and protein expression in GC.
Discussion
In the present study, we analyzed PLCE1 mRNA and protein expression in ESCC, GCA, and GNCA cases, and related expression to risk factors, clinical factors, and survival. We found that PLCE1 mRNA expression was downregulated in all three tumors compared with normal tissues (for all three probes in GCA and GNCA; for only one probe in ESCC), and that reduced tumor expression was associated with poorer survival in ESCC and GCA. To our knowledge, this is the first study to systematically investigate the association between PLCE1 expression and survival in a large number of patients with UGI cancer.
Previous studies conducted among Chinese have reported differential PLCE1 mRNA and protein expression between ESCC tumors and normal tissues, but with conflicting results (24) (25) (26) . A study in Shanghai observed decreased PLCE1 mRNA in ESCC tumors compared with matched normal esophagus (n ¼ 36), but no change in protein expression (n ¼ 39, including the 36 cases tested for mRNA; ref. 24) . In contrast, another study observed significantly higher PLCE1 mRNA and protein expression in ESCC tumors than normal tissues (n ¼ 50) in Kazakh Chinese (25) . In a third study, Wang and colleagues showed increased protein expression in both ESCC and GCA tissues compared with normal tissues (n ¼ 94 for ESCC, and n ¼ 13 for GCA; ref. 7) . This same group also recently reported that PLCE1 mRNA was significantly higher in ESCC tumors than in matched normal tissues (n ¼ 26; ref. 26) . In all of the above-mentioned studies, mRNA was assayed by real-time RT-PCR, whereas protein was assayed by immunohistochemistry. The only published study focused on GC overall showed upregulated PLCE1 mRNA (assayed by RT-PCR) and protein expression (assayed by Western blotting) in tumor tissues compared with matched normal tissues (n ¼ 74 for both mRNA and protein; ref. 27 ).
We observed lower PLCE1 mRNA expression in ESCC tumors compared with normal tissues when using probe 205112_at; however, although PLCE1 protein expression in ESCC tumors also decreased, this difference was not significant. Our results are similar to the report from Shanghai (24) , but contrast with studies from the other two groups (25) (26) . Our observations of reduced PLCE1 expression in GCA and GNCA are also discrepant from other reported studies (7, 27) . Differences in results among studies for PLCE1 expression might be due to differences in sample size, population heterogeneity, environmental exposures, or laboratory assays. For ESCC, our sample size is much larger than previous studies (n ¼ 133 pairs for mRNA, and 303 pairs for protein). Our cases all came from Shanxi Province in the high-risk northwestern part of the Taihang Mountain area, and both intrinsic and extrinsic differences may exist between our subjects and those in previous studies (25, 26) . For GC, there are only two similar publications, but both had much smaller sample size than ours and used different methods. One is a preliminary report on GCA by Wang and colleagues (7), and the other made no distinction about GC anatomic subsites, which may have affected findings (27) . Table 2 . P ¼ 0.01 in the overall the log-rank test across quartiles. Table 3 . HRs (95% CIs) for the association between PLCE1 mRNA expression and mortality of GCAs (n Quartile 1 has the lowest expression level. The overall (average) mRNA expression of all three probes and mRNA for each probe, respectively, was evaluated. For the mRNA expression using individual probes, we show only the significant association between expression and mortality, due to space limit. Overall tumor expression is the average of the expression using three probes. The difference between numbers here and numbers in Table 1 PLCE1 has been implicated in tumorigenesis in functional studies. Silencing PLCE1 has been shown to inhibit bladder tumor growth in vitro and in vivo (28) . PLCE1 stimulation has been shown to induce proinflammatory cytokine expression and augment inflammation in response to chemical carcinogens or UV irradiation (17, 29, 30) , which could promote skin cancer development. In another report, PLCE1 increased inflammation and angiogenesis and was involved in intestinal tumorigenesis (31) . In contrast, other studies have shown downregulation of PLCE1 in colorectal cancers (32, 33) . Given these varying results from prior reports, further studies are merited to clarify whether PLCE1 might display pleiotropic effects in multiple cancers, either in the same or opposite directions.
We observed decreased PLCE1 mRNA expression in GC tumors for all three probes; however, decreased mRNA expression in ESCC tumors was only significant for one probe. We did not find significantly altered PLCE1 protein expression in ESCC tumors either. Reduced PLCE1 expression seemed to be more consistent in GC tumors than ESCC tumors, which is partly consistent with the stronger genetic effect of PLCE1 SNPs in GC, particularly in GCA, as compared with ESCC (6, 34) . However, the association of PLCE1 SNPs with GNCA was not significant (6, 34) . The differentially altered PLCE1 expression in UGI cancers warrants further investigation.
We found a significantly inverse association between PLCE1 tumor-normal mRNA fold change in GNCA and tumor stage, as well as an inverse association between PLCE1 protein expression in GCA tumor tissues and tumor grade. Most importantly, we found longer survival (10 months or more) among ESCC and GCA cases who had higher PLCE1 mRNA expression, but no association with mortality for GNCA. Pending further biologic investigations, these findings likely suggest a possible role of PLCE1 in suppressing progression and prognosis of UGI cancers, particularly for ESCC and GCA.
In contrast with the results in mRNA, we did not find significantly decreased PLCE1 protein expression in ESCC tumors, nor did we find a significant association between PLCE1 protein expression in GC tumors and survival. Inconsistencies between mRNA and protein results are not unexpected, given the complicated regulatory processes that occur between transcription and translation (e.g., posttranscriptional, translational, as well as protein degradation regulation; ref. 35 ). In addition, the mRNAs detected by the three probes on the Affymetrix chip might correspond to different physical locations in the gene than the targeted location of the protein assay. Prior studies have evaluated PLCE1 germline SNPs in conjunction with mRNA and protein expression, with mixed results (24, 26) . In one study, the rs2274223 G allele (the risk allele from GWAS; refs. 6-8, 12) was associated with increased PLCE1 mRNA and protein expression in ESCC tumor tissues and cancer cell lines (26) . However, in a second study, the same rs2274223 G allele (the risk allele) showed reduced gene expression (n ¼ 39) in ESCC (24) . Our study did not find significant associations between rs2274223 or any of the four other PLCE1 germline SNPs and mRNA expression. Our study might be limited in the statistical power for this association. It is also likely that PLCE1 expression is regulated by multiple mechanisms while most are unknown yet. For example, it would be useful to determine whether epigenetic changes are involved in PLCE1 expression. It also remains to be seen whether SNPs in other genes regulate PLCE1 expression through cis or trans effects. As such, although we observed significant associations between PLCE1 expression and survival for ESCC and GCA, which reflected the combined effects of all potential mechanisms, expression did not vary across PLCE1 germline genotypes.
Our study was strengthened by its comprehensive examination of PLCE1 expression in paired tumor-normal tissues, detailed information on demographic and clinical characteristics, and evaluation of a large number of cases, especially for protein expression. Evaluation of the relation of expression to survival was enabled by prospective follow-up for vital status on nearly all cases. We acknowledge limitations of our study. The sample size exceeded most prior studies, but was still only modest, particularly for GCA and GNCA. Only 303 of 525 ESCC and no GC tumors had paired normal tissues. The number of subjects with complete information on PLCE1 germline SNPs, mRNA, and protein was limited, partly due to the different tissue preservation and processing methods required for mRNA and protein assay. We also did not have normal tissues from GCA and GNCA for protein analysis. We lacked information on Helicobacter pylori (H. pylori) infection, however, because H. pylori positivity is nearly universal in the Taihang Mountain area (36) , it is unlikely that our results on GC were distorted by unadjusted confounding of H. pylori infection.
In conclusion, our study provides evidence that PLCE1 mRNA expression is dysregulated in GC and ESCC (one probe only), and that ESCC and GCA cases with higher PLCE1 expression experience more favorable prognosis. The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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